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(54) BIOSENSOR 

(57) The present invention provides a highly sensi- 
tive biosensor that needs a smaller amount of sample 
for measurement. The biosensor comprises a first insu- 
lating base plate having a working electrode, a second 
insulating base plate having a counter electrode op- 
posed to the working electrode, a reagent layer com- 



prising at least an oxidoreductase, and a sample supply 
pathway formed between the first and second insulating 
base plates,, wherein the working electrode, counter 
electrode and reagent layer are exposed to an inside of 
the sample supply pathway, and the distance between 
the working electrode and the counter electrode is 150 
um or I 
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Description 

Technical Field 

[0001] The present invention relates to a biosensorfor 
rapid and highly accurate quantification of a substrate 
contained in a sample. 

Background Art 

[0002] Methods using polarimetry, colorimetry, reduc- 
timetry and a variety of chromatographies have been 
developed as methods for quantitative analysis of sug- 
ars such as sucrose and glucose. These methods, how- 
ever, are alt poorly specific to sugars and hence have 
poor accuracy. Among these methods, the polarimetry 
is simple in manipulation, but is largely affected by the 
temperature during the manipulation. Therefore, the po- 
larimetry is not suitable as a method for simple quanti- 
fication of sugars at home, etc. for ordinary people. 
[0003] Recently, various types of biosensors utilizing 
the specific catalytic action of enzymes have been under 
development. 

[0004] The following will describe a method of glucose 
quantification as one example of the method of quanti- 
fying a substrate contained in a sample. 
[0005] As an electrochemical method of glucose 
quantification, a method using glucose oxidase (EC 
1 .1 .3.4: hereinafter abbreviated to GOD) as an enzyme 
and an oxygen electrode or a hydrogen peroxide elec- 
trode is generally well-known (see "Biosensor" ed. by 
Shuichi Suzuki, Kodansha, for example). 
[0006] GOD selectively oxidizes (5-D-glucose as a 
substrate to D-glucono-S-lactone using oxygen as an 
electron mediator. In the presence of oxygen, oxygen is 
reduced to hydrogen peroxide during the oxidation re- 
action process by GOD. The decreased amount of ox- 
ygen is measured by the oxygen electrode, or the in- 
creased amount of hydrogen peroxide is measured by 
the hydrogen peroxide electrode. Since the decreased 
amount of oxygen and the increased amount of hydro- 
gen peroxide are proportional to the content of glucose 
in the sample, glucose quantification is possible based 
on the decreased amount of oxygen or the increased 
amount of hydrogen peroxide. 

[0007] The above method utilizes the specificity of the 
enzyme reaction to enable accurate quantification of 
glucose in the sample. However, as speculated from the 
reaction process, there is a drawback that the measure- 
ment results are largely affected by the oxygen concen- 
tration of the sample, and if the oxygen is absent in the 
sample, the measurement is infeasible. 
[0008] Under such circumstances : glucose sensors of 
new type have been developed which use as the lec- 
tron mediator potassium ferricyanide, an organic com- 
pound or a metal complex such as a ferrocen derivative 
and a quinone derivative without using oxygen as the 
electron mediator. In the s nsors of this type, reduc d 



form electron mediator resulting from the enzyme reac- 
tion is oxidized on a working electrode : and the concen- 
tration of glucose contained in the sample can be deter- 
mined based on the amount of this oxidation current. At 
5 this time, on a counter electrode, a reaction in which ox- 
idized form electron mediator is reduced to produce re- 
duced form electron mediator proceeds. With the use of 
such an organic compound or metal complex as the 
electron mediator in place of oxygen, it is possible to 
10 form a reagent layer while a known amount of GOD and 
the electron mediator are carried in a stable state and a 
precise manner on the electrode, so that accurate quan- 
tification of glucose is possible without being affected by 
the oxygen concentration of the sample. It is also pos- 

15 sible to integrate the reagent layer containing the en- 
zyme and electron mediator, in an almost dry state, with 
an electrode system, and hence disposable glucose 
sensors based on this technique have recently been re- 
ceiving a lot of attention. A typical example thereof is a 

20 biosensor disclosed in Japanese Patent Publication No . 
251 71 53. In such a disposable glucose sensor, it is pos- 
sible to measure glucose concentration easily with a 
measurement device by simply introducing a sample in- 
to the sensor connected detachably to the measure- 
rs ment device. 

[0009] In the measurement made by such a glucose 
sensor, it is possible, with the use of a sample whose 
amount is in the order of several uJ, to determine sub- 
strate concentration in the sample readily. However, in 

30 recent years, it is anxiously desired in various fields to 
develop biosensors that enable measurements with the 
use of a sample in a further smaller amount of about not 
more than 1 uJ. The conventional electrochemical glu- 
cose sensors have an electrode system that is arranged 

35 on one plane in most cases. When the amount of sample 
is extremely small, such an arrangement increases the 
resistance to electric charge transfer between the elec- 
trodes, mainly ion transfer, possibly resulting in varia- 
tions in measurement results. 

40 [0010] Thus, there is proposed a biosensor having a 
working electrode and a counter electrode that are ar- 
ranged so as to be opposed to each other (Japanese 
Laid-Open Patent Publication No. Hei 11-350293). In 
this type of sensor, the opposite arrangement of the 

45 working electrode and counter electrode facilitates ion 
transfer between the working electrode and the counter 
electrode, and for this reason and other reasons, this 
type of sensor is capable of quantifying a substrate such 
as glucose contained in a sample with higher accuracy 

so and higher sensitivity than the conventional biosensors 
having an electrode system arranged on one plane. 
[0011] Since it is requested recently to further reduce 
the amount of sample necessary for measurement, 
there is a n ed to realize a bios nsor having a further 

55 higher sensitivity that enables measurements with th 
use of a further smaller amount of sample. 
[0012] In view of the above problems, an object of the 
present invention is to provide a highly sensitive biosen- 



2 



OCID: <EP 1304566A1 I > 



3 



EP 1 304 566 A1 



4 



sor that needs a smaller amount of sample for measure- 
ment. 

Disclosure of Invention 

5 

[001 3] A biosensor of the present invention comprises 
a first insulating base plate having a working electrode, 
a second insulating base plate having a counter elec- 
trode opposed to the working electrode, a reagent layer 
comprising at least an oxidoreductase, and a sample 10 
supply pathway formed between the first and second in- 
sulating base plates, and is characterized in that the 
working electrode, counter electrode and reagent layer 
are exposed to an inside of the sample supply pathway 
and that the distance between the working electrode is 
and the counter electrode is 150 pjn or less. 
[0014] It is preferred that the area of a portion of the 
counter electrode exposed to the sample supply path- 
way be equal to or smaller than the area of a portion of 
the working electrode exposed to the sample supply 20 
pathway and that the counter electrode be positioned 
immediately above the working electrode. 
[0015] The area S 1 of the portion of the working elec- 
trode exposed to the sample supply pathway is prefer- 
ably 0.01 to 2.0 mm 2 and more preferably 0.1 to 2.0 25 
mm 2 , and the area S2 of the portion of the counter elec- 
trode exposed to the sample supply pathway is prefer- 
ably 0.005 to 20 mm 2 and more preferably 0.05 to 2.0 
mm 2 , and it is preferred that S 2 % S v 
[001 6] An arrangement of interposing a spacer mem- 30 
ber between the first and second base plates is pre- 
ferred. 

Brief Description of Drawings 

35 

[0017] 

FIG. 1 is an exploded perspective view of a glucose 
sensor in one embodiment of the present invention 
from which the reagent layer and surfactant layer 40 
are omitted. 

FIG. 2 is a longitudinal cross-sectional view of the 
same glucose sensor. 

FIG. 3 is an exploded perspective view of a glucose 
sensor in another embodiment of the present inven- *s 
tion from which the reagent layer and surfactant lay- 
er ar omitted. 

FIG. 4 is an exploded perspective view of a glucose 
sensor in still another embodiment of the present 
invention from which the reagent layer and sur- so 
factant layer are omitted. 

FIG. 5 is a longitudinal cross-sectional view of the 
same glucose sensor. 

FIG. 6 is an xploded perspectiv view of a glucose 
sensor in still another embodiment of the present 55 
invention from which the reagent layer and sur- 
factant layer are omitted. 

FIG. 7 is a longitudinal cross-sectional view of the 



same glucose sensor. 

FIG. 8 is an exploded perspective view of a glucose 
sensor in a comparative example from which the re- 
agent layer and surfactant layer are omitted. 
FIG. 9 is a longitudinal cross-sectional view of the 
same glucose sensor. 

FIG. 1 0 is a graph showing the relationship between 
the response current value (ratio) and the height of 
sample supply pathway in glucose sensors of Ex- 
ample 1 of the present invention. 
FIG. 1 1 is a graph showing the relationship between 
the response current value (ratio) and the distance 
between the working electrode and the counter 
electrode in glucose sensors of Example 2 of the 
present invention. 

FIG. 1 2 is a graph showing the relationship between 
the response current value (ratio) and the distance 
between the working electrode and the counter 
electrode in glucose sensors of Example 3 of the 
present invention. 

Best Mode for Carrying Out the Invention 

[0018] As described above, a biosensor of the present 
invention comprises a first insulating base plate having 
a working electrode, a second insulating base plate hav- 
ing a counter electrode opposed to the working elec- 
trode, a reagent layer comprising at least an oxidore- 
ductase, and a sample supply pathway formed between 
the first and second insulating base plates, wherein the 
working electrode, counter electrode and reagent layer 
are exposed to an inside of the sample supply pathway, 
and the distance between the working electrode and the 
counter electrode is 150 ujti or less. The distance be- 
tween the working electrode and the counter electrode 
is preferably 40 to 150 u.m and more preferably 40 to 
100 u,m. 

[0019] In the biosensor of the present invention, the 
amount of a sample solution to be introduced into the 
sample supply pathway by capillary action is preferably 
10 nl to 5 uJ and more preferably 50 nl to 500 nl. 
[0020] This facilitates electric charge transfer be- 
tween the working electrode and the counter electrode 
and suppresses spreading of the diffusion layer of an 
oxidation/reduction species on the working electrode to 
maintain the concentration gradient of the oxidation/re- 
duction species in the diffusion layer at a high level, 
thereby increasing the sensor response. 
[0021 ] It is preferred that the area S 2 of the portion of 
the counter electrode exposed to the sample supply 
pathway be equal to or smaller than the area S 1 of the 
portion of the working electrode exposed to the sample 
supply pathway and that the counter electrode be posi- 
tioned immediately above the working electrode. The 
counter electrode being positioned immediately above 
the working electrode means that the whole counter 
electrode is positioned so as to ov rlap the working el c- 
trode when viewed from the direction perpendicular to 
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the working electrode. 

[0022] In measurement systems of the electrochemi- 
cal field, the area of the counter electrode is generally 
made to be larger than the ar a of the working electrode 
such that the reaction on the counter electrode does not 
become a rate-determining step. However, in the bio- 
sensor of the present invention in which the counter 
electrode and the working electrode are arranged at op- 
posite positions, when the area of the counter electrode 
is equal to or smaller than that of the working electrode, 
the current density on the counter electrode becomes 
higher than when the area of the counter electrode is 
larger than that of the working electrode; presumably for 
this reason or other reasons, the concentration of the 
oxidation/reduction species in the vicinity of the counter 
electrode becomes higher. As a result, highly sensitive 
quantification of a substrate becomes possible since the 
sensor response is dependent on the concentration of 
the oxidalion/reduction species in the vicinity of the 
counter electrode. Also, since the reduction in area of 
the counter electrode enables reduction in volume of the 
sample supply pathway, reduction in the amount of sam- 
ple becomes possible. The area of the counter electrode 
is preferably smaller than that of the working electrode. 
This makes the above-described effects more remark- 
able. 

[0023] It is preferable to form the working electrode 
on the first insulating base plate and form the counter 
electrode on the second insulating base plate. This fa- 
cilitates the manufacturing process of the biosensor. 
[0024] The first base plate and the second base plate 
are preferably configured so as to sandwich a spacer 
member. This increases the strength against physical 
pressure applied to the base plates, thereby enabling 
prevention of short-circuit caused by the contact be- 
tween the working electrode and the counter electrode 
and reduction of the influence of the physical pressure 
on the current response. 

[0025] As the first and second base plates of the 
present invention, it is possible to use any electrically 
insulating material having sufficient rigidity during stor- 
age and measurement. Such examples include thermo- 
plastic resins, such as polyethylene, polystyrene, poly 
vinyl chloride, polyamide and saturated polyester resin, 
or thermosetting resins, such as urea resin, melamine 
resin, phenol resin, epoxy resin and unsaturated poly- 
ester resin. Among them, polyethylene terephthalate is 
preferable in terms of the adhesion to the electrode. 
[0026] As the spacer member, it is possible to use any 
electrically insulating material having sufficient rigidity 
during storage and measurement. Such examples in- 
clude thermoplastic resins : such as polyethylene, poly- 
styrene, poly vinyl chloride, polyamide and saturated 
polyester resin, or thermosetting resins, such as urea 
resin, melamine resin, phenol resin, epoxy resin and un- 
saturated polyester resin. 

[0027] As the working electrode, it is possible to use 
any conductive material which is not subject to oxidation 



upon oxidation of the electron mediator. As the counter 
electrode, it is possible to use any commonly used con- 
ductive material such as palladium, gold, platinum or 
carbon. 

5 [0028] As the oxidorecuctase, one adequate for the 
substrate contained in the sample to be measured may 
be used. Such examples include fructose dehydroge- 
nase, glucose oxidase, glucose dehydrogenase, alco- 
hol oxidase, lactate oxidase, cholesterol oxidase, xan- 

10 thine oxidase, amino acid oxidase, etc. 

[0029] The biosensor of the present invention prefer- 
ably comprises an electron mediator in the reagent lay- 
er. Examples of the electron mediator include potassium 
ferricyanide, p-benzoquinone, phenazinemethosulfate, 

15 methylene blue, and ferrocene derivatives. Also, even 
when oxygen is used as the electron mediator, current 
response is obtained. These electron mediators are 
used singly or in combination of two or more. 
[0030] The biosensor of the present invention prefer- 

20 ably comprises a hydrophilic polymer in the reagent lay- 
er. Various hydrophilic polymers may be used. Such ex- 
amples include hydroxyethyl cellulose, hydroxypropyl 
cellulose, methyl cellulose, ethyl cellulose, ethylhydrox- 
yethyl cellulose, carboxymethyl cellulose, polyvinyl pyr- 

25 rolidone, polyvinyl alcohol, polyamino acid such as poly- 
lysine, polystyrene sulfonate, gelatin and its derivatives, 
polyacrylic acid and its salts, plolymethacrylic acid and 
its salts, starch and its derivatives, and a polymer of 
maleic anhydride or its salt. Among them, carboxyme- 

30 thyl cellulose, hydroxyethyl cellulose and hydroxypropyl 
cellulose are particularly preferred. 
[0031] In the following, embodiments of the present 
invention will be described with reference to drawings. 
In drawings showing the structure, positional relation- 
's ship and size of respective elements are not necessarily 
accurate. 

Embodiment 1 

40 [0032] A glucose sensor will be described as an ex- 
ample of the biosensor. 

[0033] With reference to FIG. 1 and FIG. 2, this em- 
bodiment will be described. FIG. 1 is an exploded per- 
spective view of a glucose sensor in this embodiment 
45 from which the reagent layer and surfactant layer are 
omitted, and FIG. 2 is a longitudinal cross-sectional view 
of the glucose sensor. 

[0034] Numeral 11 denotes a first electrically insulat- 
ing base plate made of polyethylene terephthalate. A sil- 

50 ver paste is printed on the base plate 1 1 by screen print- 
ing to form a working electrode lead 1 2 and an electrode 
base, and a conductive carbon paste containing a resin 
binder is subsequently printed on the electrode base to 
form a working lectrode 14. Th working electrode 14 

55 is in contact with the working electrod I ad 12. Further, 
an insulating paste is printed on the base plate 11 to 
form an insulating layer 1 6. The insulating layer 1 6 cov- 
ers the outer periphery of the working electrode 14 so 
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as to keep the exposed area of the working electrode 
14 constant. 

[0035] Thereafter, a silver paste is print d on the back 
side of a second electrically insulating base plate 21 to 
form a count r electrode lead 23 and an electrode base, 
a conductive carbon paste is subsequently printed on 
the electrode base to form a counter electrode 25, and 
an insulating paste is printed to form an insulating layer 
27 such that the exposed area of the counter electrode 
25 becomes larger than the exposed area of the working 
electrode 14. The base plate 21 is provided with an air 
vent 29. 

[0036] An aqueous solution containing GOD as an en- 
zyme and potassium ferricyanide as an electron medi- 
ator is dropped over the working electrode 14 on the 
bas plate 11 and is then dried to form a reagent layer 
10. Ov r the reagent layer 10 is further formed a sur- 
factant layer 20 containing lecithin as a surfactant. 
[0037] Finally, the base plate 11, the base plate 21 
and a spacer member 1 7 are bonded to one another in 
a positional relationship as shown by the dashed lines 
in FIG. 1 , which gives a glucose sensor as shown in FIG. 
2. 

[0038] The spacer member 17 to be interposed be- 
tween the base plate 11 and the base plate 21 has a slit 
18, and the slit 18 forms a space serving as a sample 
supply pathway between the base plates 1 1 and 21 . By 
varying the thickness of the spacer member 17, the 
height of the sample supply pathway, i.e., the distance 
between the working electrode 14 and the counter elec- 
trode 25 can be varied. 

[0039] An air vent 29 of the base plate 21 communi- 
cates with the sample supply pathway; thus, when a 
sample is brought in contact with a sample supply port 
1 9 formed at an open end of the slit 1 8 , the sample read- 
ily r aches the reagent layer 10 in the sample supply 
pathway by capillary action. 

Embodiment 2 

[0040] FIG. 3 is a perspective view of a glucose sen- 
sor in this embodiment from which the reagent layer and 
the surfactant layer are omitted. In this embodiment, a 
counter lectrode 25a is a rectangle similarly with the 
working electrode 14, and its area is the same as that 
of the working electrode. Other than these, this embod- 
iment is the same as Embodiment 1. 

Embodiment 3 

[0041] FIG. 4 is a perspective view of a glucose sen- 
sor in this embodiment from which the reagent layer and 
surfactant layer are omitted, and FIG. 5 is a longitudinal 
cross -sectional view of the glucose sensor. 
[0042] This glucose sensor is produced in the follow- 
ing procedur . 

[0043] Palladium is sputtered on an electrically insu- 
lating base plate 31 having upright pieces 37, 37 at both 
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sides, to form a working electrode 34 and its lead 32. 
Next, an insulating member 36 is attached to the base 
plate 31 to define the working electrode 34 and a termi- 
nal portion of the lead 32 to be inserted into a measuring 

5 device. Similarly, palladium is sputtered on the inner 
side of a second electrically insulating base plate 41 to 
form a counter electrode 45 and its lead 43. Subse- 
quently an insulating member 47 is attached to the inner 
side of the base plate 4 1 to define the counter electrode 

10 45 and a terminal portion of the lead 43 to be inserted 
into the measuring device. 

[0044] Thereafter, the second base plate is joined to 
the base plate 31. Then, the working electrode 34 and 
the counter electrode 45 are arranged at opposite posi- 

15 tions of a space formed between the base plate 31 and 
the base plate 41 . The distance between the working 
electrode and the counter electrode is, for example, 100 
ujti. A reagent layer 30 and a surfactant layer 40 are 
formed so as to cover the electrode 34 in the same man- 

20 per as in Embodiment 1 . In a sensor thus produced, the 
end face closer to the electrodes 34 and 45 serves as 
a sample supply port 39. A sample supplied from this 
port reaches the electrode portion by capillary action of 
the space communicating with an air vent 49. 

25 

Embodiment 4 

[0045] FIG. 6 is a perspective view of a glucose sen- 
sor in this embodiment from which the reagent layer and 
30 surfactant layer are omitted, and FIG. 7 is a longitudinal 
cross-sectional view of the glucose sensor. 
[0046] This glucose sensor is produced in the follow- 
ing procedure. 

[0047] Palladium is sputtered on a first electrically in- 
35 sulating base plate 51 to form a working electrode 54 
and its lead 52. Next, an insulating member 56 is at- 
tached to the base plate 51 to define the working elec- 
trode 54 and a terminal portion of the lead 52 to be in- 
serted into a measuring device. Also, a second electri- 
40 cally insulating base plate 61 has an outwardly expand- 
ed curved part 68, and palladium is sputtered on the in- 
ner wall of the curved part 68 to form a counter electrode 
65 and its lead 63. By adjusting the curvature of the 
curved part 68, the distance between the working elec- 
ts trode 54 and the counter electrode 65 can be controlled. 
[0048] Thereafter, an insulating member 67 is at- 
tached to the inner wall of the base plate 61 to define 
the counter electrode 65 and a terminal portion to be 
inserted into the measuring device. At this time, the area 
50 of the counter electrode 65 is made to be equal to that 
of the working electrode 54. The terminal portion of the 
counter electrode 65 is exposed to the back side of a 
rear end 61a of the base plate 61 . The curved part 68 
has an air vent 69 at its end. A reagent layer 50 is formed 
55 on the working electrode 54, and a surfactant layer 60 
is further formed so as to cover the reagent layer 50. 
Lastly, th base plate 51 and the base plate 61 are bond- 
ed to fabricate a glucose sensor. 
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Example 1 

[0049] Five kinds of sensors having a different-height 
sample supply pathway were produced by varying the 
thickness of the spacer member 1 7 in Embodiment 1 . 
The area of the working electrode is 1 .0 mm 2 . The coun- 
ter electrode is a circle having a diameter of about 3.6 
mm, and since this diameter is greater than the width of 
the slit 18 of the spacer member 1 7, part of the counter 
electrode is not exposed to the sample supply pathway. 
The area of the portion of the counter electrode exposed 
to the sample supply pathway is about 5.3 mm 2 . 
[0050] As a comparative example, glucose sensors 
having a working electrode and a counter electrode 
formed on the same base plate were produced. In the 
same manner as in Example 1, five kinds of glucose 
sensors having a different-height sample supply path- 
way were produced. FIG. 8 is a decomposed perspec- 
tive view of a sensor of the comparative example from 
which the reagent layer and surfactant layer are omitted, 
and FIG. 9 is a longitudinal cross-sectional view of the 
sensor. 

[0051] A silver paste was printed on an electrically in- 
sulating base plate 101 made of polyethylene tereph- 
thalate by screen printing to form a working electrode 
lead 1 02 and a counter electrode lead 1 03. Then : a con- 
ductive carbon paste containing a resin binderwas print- 
ed to form a working electrode 104. The working elec- 
trode 1 04 is in contact with the working electrode lead 
102. Further, an insulating paste was printed on the 
bas plate 101 to form an insulating layer 106. The in- 
sulating layer 106 covers the outer periphery of the 
working electrode 1 04 so as to keep the exposed area 
of the working electrode 104 constant. Thereafter, a 
conductive carbon paste containing a resin binder was 
printed on the base plate 1 01 so as to be in contact with 
the counter electrode lead 1 03, thereby to form a coun- 
ter electrode 1 05. The area of the working electrode 1 04 
is 1 .0 mm 2 , and the area of the portion of the counter 
lectrode 1 05 exposed to the sample supply pathway is 
about 4.3 mm 2 . 

[0052] An aqueous solution containing GOD as the 
enzyme and potassium ferricyanide as the electron me- 
diator was dropped over the working electrode 104 and 
the counter electrode 1 05 and was then dried to form a 
reagent layer 1 07, and a surfactant layer 1 09 containing 
lecithin as the surfactant was further formed over the 
reagent layer 107. The base plate 1 01 , a cover 112 hav- 
ing an air vent 114, and a spacer member 110 having a 
slit 111 were bonded to one another in a positional rela- 
tionship as shown by the dashed lines in FIG. 8. 
[0053] Using the above-described sensors of Exam- 
ple 1 and the comparative example, measurements 
were performed for the glucose concentration of aque- 
ous solutions containing certain amounts of glucose. A 
sample was supplied from the sample supply port to the 
sample supply pathway, and after a laps of certain 
time, a voltage of 500 mV was applied to the working 



10 

electrode with respect to the counter electrode. Upon 
the voltage application, the value of a current flowing 
between the working electrode and the counter elec- 
trode was detected, and the current response observed 
5 was proportional to the glucose concentration of the 
sample. 

[0054] Using solutions containing glucose at 1 80 mg/ 
dl and the respective glucose sensors having a different- 
height sample supply pathway, the value of response 
io current was measured. FIG. 10 shows the relationship 
between the height of the sample supply pathway and 
the response value (ratio) in the sensors of Example 1 . 
The response value (ratio) is expressed in a ratio ob- 
tained by defining the response value of the sensor of 
15 the comparative example of which sample supply path- 
way has the same height as 100. 
[0055] As shown by FIG. 10, the response value (ra- 
tio) of Example 1 relative to the comparative example 
sharply increases when the height of the sample supply 
20 pathway is 150 u.m or less. The reason may be as fol- 
lows: when the working electrode and the counter elec- 
trode are opposed to each other with the distance be- 
tween the working electrode and the counter electrode 
being 1 50 \im or less, growth of the diffusion layer of the 
25 oxidation/reduction species on the working electrode is 
suppressed so that the concentration of the oxidation/ 
reduction species on the counter electrode is reflected 
in the sensor response, and electric charge transfer be- 
tween the working electrode and the counter electrode 
30 or the like becomes favorable. 

[0056] In Example 1 , the amount of sample necessary 
for measurement was about 0.5 to 3.0 uJ. In this way, 
according to the present invention, since the distance 
between the working electrode and the counter elec- 
ts trode is limited, it is possible to reduce the amount of 
sample necessary for measurement. 

Example 2 

[0057] Biosensors were produced in the same man- 
ner as in Example 1 except that the areas of both the 
working electrode and the counter electrode were made 
1.0 mm 2 in Embodiment 2. Then, using solutions con- 
taining glucose at 90 mg/dl and the respective glucose 
sensors having a different-height sample supply path- 
way, the value of response current was measured. FIG. 
11 shows the relationship between the height of the 
sample supply pathway, i.e., the distance between the 
working electrode and the counter electrode, and the re- 
sponse value (ratio) in the sensors of Example 2. The 
response value (ratio) is expressed in a ratio obtained 
by defining the response value of the sensor of Example 
1 of which sample supply pathway has the same height 
as 100. 

[0058] As shown by FIG. 11 , the response value (ra- 
tio) of the sensors of Example 2 relativ to Example 1 
sharply incr ases when the height of the sample supply 
pathway is 150 urn or less. The reason may be as fol- 
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lows: when the working electrode and the counter elec- 
trode are opposed to each other with the distance be- 
tween the working electrode and the counter electrode 
being 1 50 u.m or less, growth of the diffusion layer of the 
oxidation/reduction species on the working electrode is 5 
suppressed so that the concentration of the oxidation/ 
r duction species on the counter electrode is reflected 
in the sensor response, and electric charge transfer be- 
tween the working electrode and the counter electrode 
or the like becomes favorable. 10 
[0059] In general electrochemical systems, the area 
of the counter electrode is made larger than that of the 
working electrode in order to prevent the reaction on the 
counter electrode from becoming a rate-determining 
step. However, in this system, since the working elec- 15 
trode and the counter electrode are arranged at oppo- 
site positions, the current density on the counter elec- 
trode is reflected in the current response; presumably 
for this reason or other reasons, it was possible to obtain 
high response current in comparison with the case 20 
where the area of the counter electrode was larger than 
that of the working electrode. 

[0060] In this example, since the area of the counter 
electrode is equal to that of the working electrode, the 
position of the air vent 29 is made closer to the sample 25 
supply port side than in Example 1. Thus, it becomes 
possible to further reduce the amount of sample neces- 
sary for measurement. 

Example 3 30 

[0061] In this example, biosensors were produced in 
the same manner as in Example 2 except that the area 
of the counter electrode was made 0.64 mm 2 . Using so- 
lutions containing glucose at 90 mg/dl and the respec- 35 
tive glucose sensors having a different- height sample 
supply pathway, the value of response current was 
measur d. FIG. 12 shows the relationship between the 
height of the sample supply pathway (the distance be- 
tween the working electrode and the counter electrode) 40 
and the response value (ratio) in the sensors of Example 
3. The response value (ratio) is expressed in a ratio ob- 
tained by defining the response value of the sensor of 
Example 1 of which sample supply pathway has the 
same height as 100. 45 
[0062] As shown by FIG. 12, the response value (ra- 
tio) of this example relative to Example 1 sharply in- 
creases when the distance between the working elec- 
trode and the counter electrode is 1 50 um or less. This 
is presumably because of the same reasons as those so 
of Example 2. 

[0063] In this example, since the area of the counter 
electrode is smaller than that of the working electrode, 
the position of the air vent can be made closer to the 
sample supply port side than in Example 2. Thus, it be- 55 
comes possible to further reduce the amount of sample 
necessary for measurement than in Example 2. 
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Industrial Applicability 

[0064] As d scribed above, according to the present 
invention, it is possible to obtain a highly sensitive bio- 
sensorthat needs a smaller amount of sample for m . as- 
urement. 



Claims 

1 . A biosensor comprising a first insulating base plate 
having a working electrode, a second insulating 
base plate having a counter electrode opposed to 
said working electrode, a reagent layer comprising 
at least an oxidoreductase, and a sample supply 
pathway formed between the first and second insu- 
lating base plates, wherein said working electrode, 
counter electrode and reagent layer are exposed to 
an inside of said sample supply pathway, and the 
distance between said working electrode and said 
counter electrode is 150 fim or less. 

2. The biosensor in accordance with claim 1 , wherein 
the area of a portion of said counter electrode ex- 
posed to the sample supply pathway is equal to or 
smaller than the area of a portion of said working 
electrode exposed to the sample supply pathway. 

3. The biosensor in accordance with claim 2, wherein 
the area of the portion of said working electrode ex- 
posed to the sample supply pathway is 0.1 to 2.0 
mm 2 , and the area of the portion of said counter 
electrode exposed to the sample supply pathway is 
0.05 to 2.0 mm 2 . 

4. The biosensor in accordance with claim 1 , wherein 
the distance between said working electrode and 
said counter electrode is 40 ujti or more. 

5. The biosensor in accordance with claim 1 , wherein 
a spacer member having a slit is interposed be- 
tween the first and second insulating base plates 
such that said sample supply pathway is formed in 
said slit. 
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